Abstract: A review is given of recent developments in the chemistry of nitrides and oxynitrides of multi-component systems. In the first part recent work in the Si-Al-0-N-Mg system is described. In the second part attention is paid to lithium ion conductors, new earth alkaline compounds, zirconium oxynitrides and B-C-N compounds.
Introduction
Nitride chemistry comprises a very extensive field. The crystal chemistry of nitrides and oxynitrides has been reviewed recently (1) and in this paper the attention will be focussed mainly on properties of nonmetallic, multi-component nitrides. Si-and Al-based nitrides have since long attracted attention because of their good thermomechanical properties. Ceramists became interested in Si,N, as soon as it became possible to densify the material. This was achieved by means of liquid phase sintering with the aid of oxidic sintering additives. Oxides such as MgO, Al,O, or rare earth oxides form eutectics with the silica on the surface of the nitride. This has led to further investigations of phase relations and properties of oxynitrides in the system Si-Al-0-N-Me . Although many interesting materials are found in this system, only a limited number has been investigated in detail. In part 1 some new results will be discussed which may lead to new applications for materials which are known already. In part 2 a brief survey will be given of recently prepared new compounds.
Compounds in the system Me-Si-AI-0-N
As an example of such a quinary diagram Fig. 1 shows the well known Jaecke representation of MeSi-Al-0-N (Me=metal such as Y, Ca, Mg) and we will use this to discuss some new results on subsystems hereof. The ternary system Al-N-0 has been investigated several times. During a study of optical translucent materials we became interested in y-Alon as a possible lamp envelope material for high pressure Nalamps. However, there was uncertainty about the phase diagram and we decided to study this in more detail (2, 3) . The compound has a spinel-type structure and McCauley has proposed two possible models; the so-called constant anion model A~~xy3VA,,(8.xy3032~xNx, with vacancies on octahedral sites, or the constant cation model A1240(72-3xyZNx(0,N)i,(~x~, with interstitial anions (4). Recent neutron diffraction results indicate the first model i.e. the predominant defects are Al vacancies on octahedral sites (5). Results of a study of the phase diagram are shown in Fig. 2 (6) . The stability range lies between x=2.3 and x=4.7. From this figure it is clear that y-AIon is not stable at temperatures below 1640°C. We have also performed thermodynamic calculations showing the stability conditions at . The results of these investigations can be summarized as follows: under the appropriate conditions of gas pressure and temperature y-Alon can be sintered to full density, leading to a translucent material. This material is an excellent window material (for instance for radar domes) that can be used below 800°C since the kinetics of decomposition is very slow below this temperature. We have also tried to stabilize the spinel structure by adding MgO. New results on the pseudo-ternary system Mg-Al applications the most interesting and most extensively studied compounds are P'-and a'-sialons.
The p' material has the same structure as P-Si,N, and has the general formula S&41zOzN,,, 012S4.2 ( Fig. 4) . It is an oxynitride with [SiO,,N,] tetrahedra. In Si,N, nitrogen occupies 6h and 2c sites ( From a ceramic point of view a-P composite materials are of great interest. The P-phase forms elongated grains in an isomorphic a-matrix and because of the analogy to whisker toughened materials they are called self-reinforced Si,N,. Such materials show high fracture toughness, K,>8 MPa.m"' and high flexture strengths >lo00 MPa (18) . Returning to the compounds in the Mg-Si-N system (Fig. 4) , it was found that MgSiN, may be of practical interest too because of its high thermal conductivity (19) . As shown in Fig.6 In the systems Ln-Si-O-N and Ln-Si-Al-O-N many compounds are known which can be derived from silicate structure types (1). Figure 7 shows the different compounds in the system Y-Si . q % N - Fig.7 Crystalline phases in the Y-Si-O-N system at 1450°C.
Lithium ion conductors
Lithium compounds have always attracted attention of solid state chemists because of their potential use as ionic conductors. Lithium nitrides also have ionic character. Of all the lithium containing nitrides the binary compound Li,N was most promising as ionic conductor with a conductivity at 300K of lo-'
Skm. This compound consists of Li,N layers connected by Li layers (24, 25) . The Li+-ions in the Li,N layers have a high mobility, which may be related to a 1-2% Li deficiency (26) . However, detailed research showed that it decomposes already at 0.44 V, which is too low for battery applications. can be made by a gas phase reaction of BCl, with acethylene and ammonia or with acetonitrile. The structure is not accurately known, but for BC,N a possible arrangement is shown in Fig.8 (33) . The material itself is a semiconductor, but the most interesting aspect is that it can be intercalated by both reducing and oxidizing agents. Experiments by Morita et al. (33) show that it can be used as a negative intercalation electrode for rechargeable Li-batteries with an open-cell voltage of 0.47 V; the maximum doping corresponded to a composition L&,5s(BC2N). Recently Kawaguchi and Kawashima also reported the preparation of a graphite-like material with composition BC,N (34). This material is a p-type semiconductor with a very high basal plane conductivity of 88.5 Skm, which is about lo5 higher than for the material produced by Kaner et. a l (33) and an activation energy of only 6.29 meV. No intercalation properties were reported yet for BC3N, but the interlayer spacing of 0.35 nm is approximately the same for all materials and equal to that for graphite.
Earth alkaline compounds
Nitrides with perovskite type structure MT,N form a large group. Here M denotes a non-transition metal, T a transition metal. These compounds are of interest because of the electric and dielectric properties. Recently several ternary calcium nitrides were prepared with anti-perovskite structure, C%MN, with M=P,As,Sb,Bi,Ge,Sn,Pb (35) . It is interesting to note that both the group V elements P, As, Sb, Bi and the group IV elements Ge, Sn, P have a formal oxidation state 3-. As a result the electrical properties change from insulating for P and As, via semiconducting for Bi and Sb, to metallic conductivity for Pb, Sn and Ge (Fig. 9) The y-phase is a solid solution with 0.51x10.8, p and p' have formulas Zr7N40, and Zr,N,O,,, respectively. Recently it was shown that these compounds can be prepared also using p-ZrNCl as a nitrogen source (46) . These authors showed that in spite of the presence of oxygen vacancies y and p do not show ionic conductivity. Instead, both are semiconductors with band gap energies 2.5 and 3.2 eV, respectively. Earlier Claussen et. al showed that the cubic zirconia structure can be stabilized by introduction of nitrogen (47). At the ZrN side of the phase diagram a new phase was found with the NaC1-type structure of ZrN. It is supposed to be ZrN(0) with oxygen atoms in the ZrN host lattice in an ordered way (48).
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Above we discussed BC,N as a material that may become important in battery applications. A material that is even more intriguing is the compound pC3N4, with p-Si3N4 structure type. Calculations by Liu and Cohen (49) showed that this compound should have a hardness comparable to diamond or cubic BN. Recently three groups reported to have grown carbon nitride films with p-Si3N4 type structure (50-52). So far, however, these films which are made by reactive sputtering or laser ablation, have poor crystallinity and contain only about 40-45 at% N instead of 57%. Yet, electron microscopy showed diffraction patterns which correspond with a p-Si3N4 type structure (cf. Fig. 5a ) and with the theoretically expected lattice constants for p-C3N,. Moreover, a strong IR absorption band at 1297 cm" may be assigned to the p-Si3N4 type network.
This review of compounds prepared in the last few years cannot be complete. For instance we have left out both metallic systems and nitrogen glasses. However, it is clear that the chemistry of nitrides and oxynitrides is continually expanding and that many new compounds can still be discovered. Also most of these compounds hardly have been characterized and interesting physical properties can be expected. Such information is essential for applications. In conclusion I strongly believe that nitride chemistry offers exciting prospects for future research.
